Use of Stork Test in Reliability Testing of Intrapelvic Motion
S acroiliac joint (SIJ) pain is reported most commonly in the posterior region of the pelvic girdle' and affects people from various backgrounds, such as sporting, postpartum, and working populations. It is estimated that SIJ pain occurs in over 15% of people classified as having nonspecific chronic low back paiti-; however, at present few reliable diagnostic procedures are available to assist in the clinical evaluation of impaired pelvic girdle ftinction^ and resultant pelvic girdle pain (PGP),
The focus of clinical assessment procedures for pelvic girdle ftinction has shifted in the last decade from SIJ mobility testing to functional assessment procedures that test the ability of the pelvis to maintain stability during load transfer between the spine and the lower limbs. This shift is partially attributable to an increased understanding of the role of the pelvis in load transfer, as well as the poor reliability and validity of many SIJ mobility assessment tests. Assessment tests for SIJ mobility, such as the unsupported hip flexion component of the Gillet test and the standing forward flexion test, have been shown to have low interrater reliability for therapist palpation,' ^^ Pain provocation tests have been shown to have moderate to good reliability*'; however, pain is not always an accurate indicator of altered biomechanical ftinction,Î mpairment of SIJ and pelvic function encompasses more than pain prodticed by the SIJ, The soft tissues surrounding the SIJ and their function in maintainitig pelvic stability during weight transfer and movement are equally important to the normal biomechanical ftmction of the pelvis,** "* The assessment of pelvic stability during activities that induce load transfer across the pelvic articulations, therefore, is relevant. The Active Straight-Leg-Raise Test is Relative motion between the innominate bone and the sacrum, (A) Posterior rotation of the innominate bone relative to the sacrum during single-leg support in subjects who were healthy, (B) Anterior rotation of the innominate bone relative to the sacrum during single-leg support in the presence of pelvic girdle pain. Crosses indicate the palpation points during the Stork Test on the support side. The Advanced Manual Therapy Associates Pty Ltd (AMTA P/L) (Director: Barbara Hungerford) retains copyright ownership of Figures lA and IB, which may not be used or reproduced without written permission of the AMTA P/L, a functional assessment procedure that evaluates the integrity of the pelvis for maintaining stability during load tratisfer in a supine position," The Active Straight-Leg-Raise Test has been validated as a reliable means of ranking disease severity for wotnen with posterior pelvic pain following pregnancy'-while also providing a means of assessing com- Left Stork Test with support phase on the right side. Crosses indicate palpation points for a right-side support-phase test. The Advanced Manual Therapy Associates Pty Ltd (AMTA P/L) (Director: Barbara Hungerford) retains copyright ownership of Figure 2 , which may not be used or reproduced without written permission of the AMTA P/L, pensatory strategies of the musculoskeletal system in people with pelvic pain,'T he articular surfaces of the SIJ assist in load transfer from the lumbar spine through the pelvis to the lower limbs by way of their shape and alignment," Research has shown that small amounts of movement occur at the SIJ and that this movement is controlled during load transfer through engagement of the selfbracing mechanism of the SIJ,*' "' * The self-bracing mechanism is in- duced through preactivation of the local muscle system of the lumbopelvic region prior to movement,'* with subsequent tensioning of the pelvic ligaments and thoracoltimbar fascia and compression of the joint surfaces,**'' During activities that involve weight tratisfer through the pelvis (eg, moving from standing to standing on one leg or lying to standing), a concurrent pattern of sacral nutation or relative posterior rotation of the innominate bone engages the SIJ into its closed pack position (ie, articular surfaces are fully congruent, in maximal contact, and tightly compressed so that no further movement is possible),''''" A previous investigation of motion between the innominate bone and the sacrtjm on the side of single-leg support during a standing hip flexion movement (Stork Test support phase) revealed that the innominate botie on the side of single-leg support rotated posteriorly relative to the sacrum in subjects who were healthy'^ (Fig, lA) , This pattern of motion also was shown to be altered reliably in the presence of PGP, The innominate bone rotated anteriorly relative to the sacrtmi on the side of PGP (Fig, IB) , indicative of a failure of the self-bracing mechanism to maintain the SIJ in its closed pack position. Because the difference in the pattern of bone motion directly reflected the ability (posterior rotation) or inability (anterior rotation) of subjects to maintain pelvic stability for load transfer through the pelvis,'^ Lee'" suggested that the Stork Test on the stipport side (Fig, 2) may provide a useful tool for clinical evaluation of a subject's ability to stabilize intrapelvic motion. The reliability of therapists' ability' to palpate pelvic bone motion, therefore, requires investigation in order to deterfnine whether the Stork Test on the support side may be clinically relevant. The range of palpable motion between the innotninate bone and the sacrum is small,'^'^ and this property may affect the reliability of clinicians' ability to palpate pelvic bone motion in vivo. (PSIS) and innominate bone on the side of the pelvis to which weight is to be transferred for single-leg support, and the therapist's other hand palpates the sacmm centrally at S2, The direction of bone motion or lack of bone motion then is palpated as the cotitralateral foot is lifted off the ground (Fig, 3) , Clinically, the results have been described either by the direction of PSIS movement (cephalad, caudad, or no movement relative to S2) occurring with innominate bone motion or as a positive or negative result. In the second description, a negative result is assigned when no relative motion between the innominate bone and the sacrum is palpated (Fig, 3 , left), whereas cephalad motion of the PSIS relative to the sacrum (Fig, 3 , right) is considered to be a positive result,'**
The aim of this study was to determine whether experienced therapists could reliably detect the pattern of motion occurring between the innominate bone and the sacmm (intrapelvic motion) on the support side in a group of subjects with and without lumbopelvic pain.
Method Subjects
A total of 33 subjects who were 36,2± 13,4 (X±SD) years of age and had a body mass of 71,2± 13,6 kg and a height of 17(),2±8,1 cm participated in the study. The subjects were volunteers who responded to notices placed at private physical therapist practices in Sydney, New South Wales, Australia, There were no exclusion criteria, except that subjects must have been more than 18 years of age. The subjects varied in sex, history of back or leg paiti in the preceding 12 months, and presence of pain at the time of testing (Tab, 1), Eleven women and 4 men had pelvic-girdle pain (visual analog scale [VAS] score of >0) at the time of testing. No subjects reported that they were pregnant at the interview. Of the subjects who noted the presence of pain at the time of testitig, the average scores on the McGill Pain Questionnaire, the VAS, and the Present Pain Index (PPI) were 5,O±5,2, l,8±l,9, arid l,7±l,0, respectively.
To reduce the possibility of order effects, a Latin square design was used to produce a series of orderof-therapist" possibilities. Each subject was randomly assigned an order of therapist prior to undergoing testing. All participants gave informed consent prior to the study.
Procedure
Three experienced manual therapists (mean of 14,7 years iti practice [range = 7-21], age range=37-42 years) were included in the study because they regularly used the Stork Test on the side of single-leg support as part of their assessment protocols. The average length of time of their use of the Stork Test on the support side was 4,5 years.
The subjects and the therapists were given a set of standard instructions for the performance of the test. First, each subject was instnicted to sit with both feet placed eqtially on the ground prior to starting the examination and between repetitions of the cxatTiination for each therapist.
Once the therapist entered the room, the subject was instructed to stand, placing equal weight through each leg and allowing the therapist to palpate the innominate bone, PSIS, and sacrum to obtain the testing position. The therapist then performed the test. The hand position for application of the right Stork Test on the support side (Fig, 3, left) was to place the right thumb directly on the right PSIS, allow the rest of the right hand to contact the right innominate bone, and palpate the S2 spinous process of the sacmm with the left thumb. The therapist then instructed the subject to raise the contralateral leg into 90 degrees of hip flexion and 90 degrees of knee flexion while the therapist continued palpating the right PSIS and innominate bone relative to the sacmm. The test movement was repeated 3 times. The hand position for application of the left Stork Test on the support side (Fig, 3, right) was to place the left thumb on the left PSIS, allow the rest of the left hand to contact the left innominate bone, and palpate the S2 spinotis process of the sacrtim with the right thumb. The stibject then was instmcted to raise the contralateral leg 3 times and to rettirn to a neutral stance after each movement.
The therapists graded the test with 2 scales. In part 1, the therapist was asked to rate the direction of intrapelvic motion with a 3-point scale indicating whether the PSIS moved cephalad relative to the sacmm, the PSIS stayed neutral relative to the sacmm, or the PSIS moved caudad relative to the sacmm. In part 2, the therapist was asked to rate the direction of intrapelvic motion with a 2-point scale indicating a positive result if the PSIS moved cephalad relative to the sacmm or a negative result if the PSIS stayed neutral or moved caudad relative to the sacmm.
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Data Analysis
Data analysis was performed by an assistant who was independent of the testing and unaware of the order of therapist, Interrater reliability was assessed with a Cohen kappa reliability coefficient (K), Mantial calculation of K for more than 2 therapists was done as described by Pittenger''â nd interpreted as poor (<,2()), fair (21-,40), moderate (,4l-,60), good (,6l-,80), and excellent (,81-1,0), When more than 2 therapists are compared, K calculations may be made by use of rater agreement on a category for each subject,''' Percent close agreement (PCA) also was calculated to assess agreement among therapists. The Pearson chi-scjuare test of association (calculated with SPSS version 11,5* for Windows^) with exact 2-sided significance was used to determine whether sex, back paiti in the last 12 months, leg pain in the last 12 months, and present pain, as assessed with the McGill Pain Questionnaire, the VAS, and the PPI, showed an association with the therapists' ratings.
Results
The interrater reliability for part 1, in which the therapist was asked to rate the direction of intrapelvic motion with a 3-point scale (cephalad, netitral, or caudad), was moderate for both the left and the right sides (left K = .59, right K = .59}. The interrater reliability for part 2, in which the therapist was asked to rate the direction of intrapelvic motion as positive or negative (a 2-point scale), was good for both the left and the right sides (left K = .67, right K=.77). Table 4 shows each participant's kappa agreement matrix for each side. One hundred percent agreement among raters was seen 91.9% and 89.9% of the time for the left and right sides, respectively. Again, the Pearson chi-square test of association revealed that .sex, back pain in the last 12 months, leg pain in the last 12 months, and present pain, as assessed with the McGill Pain Questionnaire, the VAS, and the PPI, showed no association with therapists' ratings (Tab. 5).
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Discussion and Conclusion
The purpose of the present study was to investigate whether experienced manual therapists could reliably detect a pattern of intrapelvic motion during a weight-bearing task. Pittenger's''' guidelines for the interpretation of K values showed that the interrater reliability for the Stork Test on the support side varied according to whether a 2-point or a 3-point scale was used. When a 2-point scale was used to determine a negative or positive result in the Stork Test on the support side, the interrater reliability was good for both sides, and the PCA was high. In comparison, the interrater reliability and agreement were reduced to moderate when a 3-point scale was used. The difference found between the 2 scales may be attributable to probability alone, as an increase in the number of choices wt)uld statistically decrease reliability. However, the results do indicate that multiple therapists showed good reliability for determining a positive or negative result in the Stork Test on the support side. The application of the Stork Test on the support side will be more reliable if clinicians describe their palpation lindings as either negative results, that is, no relative movement between the innominate bone and the sacrum, or positive results, that is, cephaiad motion of the PSIS relative to the sacrum. Increasing the choices by describing the direction of intrapelvic motion is only likely to decrease the interrater reliability of the test.
In comparison with many tests previously described as measures of SIJ dysfunction, the Stork Test on the support side is not reliant on a provocation of pain'' or a clinical comparison of degrees of joint mobility be-
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tween sides of the body or between subjects.^ -" Instead, the Stork Test assesses the ability of a subject to maintain a stable alignment of the innominate bone relative to the sacrum during a functional load transfer task. Failure to maintain this alignment, with resultant motion of the PSIS in a cephaiad direction or anterior rotation relative to the sacrum (Fig. 3, right) , is rated as a positive result. Performance of the Stork Test on the support side challenges the self-bracing mechanism of the SIJ by increasing weight transference onto one side of the pelvis. In normal function, minimal intrapelvic motion should occur between the innominate bone and the sacrum during a weight-bearing task, such as standing on one leg, because of compression of the articular surfaces with activation of the self-bracing mechanism." ' With the 2-point scale of the Stork Test on the support side, this normal function would be indicated as a negative test. A positive test would suggest an inability of the SIJ to engage the self-bracing mechanism and maintain alignment of the innominate bone relative to the sacrum in the closed pack position; that is, the innominate bone would tend to rotate anteriorly relative to the sacrum.
The ability of the therapists to show good interrater reliability in detecting an altered pattern of intrapelvic motion suggests that the recognition of altered movement patterns is possible. However, it is beyond the scope of this article to suggest how the intrapelvic movement was occurring or at which joint it was occurring. Further research into the validity and specificity of the Stork Test on the support side is needed to determine the relevance of altered pelvic motion patterns to the existence of pelvic pain or dysfunction.
The higher K and PCA values obtained in the present study than in Table 4 . Other studies may be indieative of the experienee of the therapists, with a mean of 14.7 years of daily performanee of SIJ intra-articular motion testing and a mean of 4.5 years of performance of the Stork Test on the support side. Meijne et aP reported low intertester reliability of the GiUet test (K=.OO, PCA=76.1%) when performed by 2 final-year students. Meijne et aP conducted the study on both the leg swing and the leg stance phases. In total, each subject performed 16 movement patterns for each therapist. It is likely that the performance of the tests by the subjects may have varied over these repeated measures, leading to inconsistent movement patterns. Alterations in performance over time may occur for many reasons, such as learning, fatigue, or pain. The end result would be a loss in reliability among therapists as the movement patterns changed.'* In the present study, each subject performed the movement patterns a maximum of 9 times with each leg. We expected that less repetition would lead to increased consistency of stabilization strategies during load transfer.
The ability of multiple therapists to show good intertherapist reliability when assessing the pattern of intrapelvic motion during transfer of weight from double-leg support to single-leg support was substantiated in the present study. Minimizing the choice of the therapists to a 2-point scale significantly improved interrater reliability. Further research is needed to detennine the clinical relevance, validity, and specificity of the Stork Test on the support side for the assessment of functional load transfer through the pelvis.
